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ABSTRACT 
The objective of this thesis was to determine the 
technical feasibility of providing manufacturing data and 
information to small or medium size manufacturing firms 
using the computer resources available at the Lehigh 
University" computer center. 
The manufacturing data and information needs were 
determined through the use of a mail questionnaire. 
The area surveyed was the state of Pennsylvania.  Five 
hundred manufacturing companies with approximately ten 
to five hundred employees were randomly selected.  One 
hundred and eighty questionnaires were returned.  Upon 
tabulation of the results of the questionnaire, the data 
was analyzed statistically on the computer using cross- 
tabulation techniques. 
A majority of the returned questionnaires were from 
companies with fewer than forty employees.  The results 
indicated that these companies desired reference in- 
formation pertaining to mini-computers and micro- 
processors.  The desirability for manufacturing data 
and information provided by.the computer facilities at 
Lehigh University increased steadily as the number of 
employees increased. 
& 
A prototype system was developed.  The prototype 
system employed those Lehigh University computing re- 
sources which would be accessible to a manufacturing firm 
desiring the manufacturing data and information.  The 
prototype system dealt with a cost estimating procedure 
for a manufactured item.  It was designed to demon- 
strate the relative ease of manipulating data compared 
to performing the manipulations manually.  The data 
base contained information to process the manufactured 
part in seven operations. However, the user was able 
to change the existing data set, to create an entirely 
new data set, or to use the data set as it existed. 
The program was capable of examining all of the costs 
involved to manufacture a particular item.  These costs 
included areas such as: the set-up cost; the direct 
labor cost; the indirect costs; a direct material cost; 
and a scrap material cost.  These costs culminated in 
a total unit cost estimate to manufacture the particu- 
lar item. 
An analysis of economic feasibility indicated that 
the rates for the manufacturing data and information 
needs in the line of processing costs, storage costs, 
terminal connecting charges, and the personnel services 
were competitive with other types of computer in- 
2 
stallation.  Also, the university computer center is 
capable of providing these services to the small or 
medium size manufacturing firm provided that the 
necessary software is available in an accessible form. 
Chapter 1 
INTRODUCTION 
The objective of this thesis was to determine the 
feasibility of supplying the manufacturing data and in- 
formation needs of a small to medium size company. 
Over the past few years, little effort has been expended 
in this area.  In most instances, the work done has been 
directed toward the larger firm.  As determined in the 
literature search, there is definitely a desire and need 
for manufacturing data and information by the small to 
medium size manufacturing company.  Therefore, since such 
needs existed and since it was apparent that very little 
has been written on the topic, all signs pointed to the 
subject matter of this thesis. 
There are two major sections to this thesis. The 
first part wiil deal with defining and determining the 
manufacturing data and information needs of the small to 
medium size manufacturing company. In other words, it 
will explore the areas that would lead the small to medium 
size manufacturing company to the idea of becoming in- 
volved with computer aided manufacturing. 
The second major section will deal with Lehigh Univer- 
sity's ability to service these manufacturing data and 
A 
information needs particularly using the computer at Lehigh 
University.  If Lehigh does not have the desired manufac- 
turing data and information, then other possibilities will 
be explored in order to provide a means of being able to 
secure the desired information. 
The preliminary work consisted of reviewing literature 
to determine the extent of published material onv the sub- 
ject under consideration.  As previously noted, there 
existed very little in the line of published material on 
the subject matter of this thesis.  Therefore, a questionnaire 
was designed to determine and more clearly define the man- 
ufacturing data and information needs of the small to medium 
size manufacturing company.  The questionnaire was sent out 
to approximately 500 small to medium size manufacturing 
concerns.  Upon receipt of the answered questionnaires, 
the results were tabulated and analyzed statistically using 
the computer at Lehigh University. 
In order to satisfy the second major section of the 
thesis, all available sources of supplying these companies 
with the required manufacturing data and information needs 
were considered.  In addition to surveying the availability 
of the resources, an economic investigation was performed 
to explore the costs involved in such an endeavor of com- 
puter aided manufacturing. A specific example was then 
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investigated in order to establish that this type of com- 
puter aided manufacturing was feasible and also has the 
potential of being helpful in the realm of management 
activity. 
Finally, the thesis exemplified how a firm would go 
about getting involved with computer aided manufacturing 
via Lehigh University. 
In summary, the thesis examines the following areas: 
(l) defines and determines the manufacturing data and in- 
formation needs of a small to medium size manufacturing 
company; (2) examines Lehigh University^ ability to service 
these needs particularly using the computer at Lehigh 
University; (3) surveys the costs involved with computer 
aided manufacturing with respect to the computer center 
costs such as processing costs, storage costs, etc.; (A) 
employs an example of computer aided manufacturing; and 
(5) looks at computer aided manufacturing from the viewpoint 
of the company in question. 
Chapter 2 
PROBLEM DEFINITION 
This is a feasibility study of supplying manufacturing 
data and information needs to small to medium size manu- 
facturing companies.  The word feasibility itself poses the 
question of whether or not a particular idea is capable of 
being put into effect or accomplished. Also, consideration 
should be given to exactly what is meant by manufacturing 
data and information needs. Manufacturing data is data 
concerned with the various aspects of manufacturing.  A 
typical example would be the company who was considering a 
new product or was going to change an existing product. 
Manufacturing data would be data relevant to metal cutting 
feeds, speeds, etc. for various operations of the manufacturing 
process.  The information needs would be similar to that 
of needing access to information such as that found in 
manufacturing reference books.  Thus, one could conclude 
that a definition of the problem posed in this thesis is 
whether or not it is possible to put into effect the concept 
of supplying manufacturing data and information needs to a 
small or medium size manufacturing company. 
Before it is decided whether it is or is not possible 
to supply manufacturing data and information needs to a 
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small or medium size manufacturing company, it must first 
be decided whether or not a need for computer aided 
manufacturing by the small to medium size companies actually 
exists.  This necessitates a literature search to examine 
sources of published material in order to avoid redundancy 
in further work of the thesis.  After which a questionnaire was 
to be designed in order to obtain some foresight as to 
whether or not there is a need for the aforementioned type 
of computer aided manufacturing data and information.  If the 
need exists, an examination will be made concerning the type 
of computer aided manufacturing data and information actually 
desired by the companies in question. 
After examining the question dealing with the desirability 
of computer aided manufacturing, the question of supplying 
the small to medium size company with the desired information 
can be dealt with in a more realistic manner.  In dealing 
with the feasibility of supplying these companies with the 
desired manufacturing data and information needs, areas such 
as a systems design, availability of necessary computer 
software, and some of the costs involved must be considered. 
This part will yield to us the information regarding 
exactly how feasible it is to supply the desired manufac- 
turing data and information. 
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In conclusion, the problem dealt with in this thesis 
is more or less twofold in nature.  It is that of defining 
and determining the manufacturing data and information 
needs of the small to medium size manufacturing company and 
the feasibility of supplying this manufacturing data and 
information to these small to medium size manufacturing 
companies. 
Chapter 3 
LITERATURE SEARCH. AND BACKGROUND 
A thorough investigation was conducted to seek 
written material on the topic. Very little was found, 
however, the following quote implies that the situation 
should be otherwise. 
"Today's small business is in trouble. 
Trapped in a spiraling inflation, it is 
losing its competitive edge to the larger 
firm which can optimize its productivity 
via a data processing staff and specially 
equipped rooms to house the computer 
hardware, all of which is beyond the finan- 
cial grasp of the small business (l)." 
This message is quoted from an article written in 
1975.  It comes across as being hard to believe because 
very little has been written on this seemingly important 
topic since 1975- However, this message has very realistic 
implications to it,1therefore, it will be the objective 
of this thesis to look at the needs of small to medium size 
manufacturing companies for computer services in the sense 
that it will define and determine the manufacturind data 
and information needs that they are seeking. After which, 
it will deal with the feasibility of Lehigh University's 
ability to service these needs using the computer at Lehigh. 
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As a means of accomplishing this goal, it was decided 
to employ the use of a mail questionnaire. As with any 
method, the mail questionnaire has its advantages and its dis- 
advantages.  The arguments in favor of mail questionnaires 
will be discussed first to be followed by their disad- 
vantages. With a mail questionnaire, it is possible to cover 
a wide geographic area. This is of prime importance in 
this situation since it was intended to survey approximately 
500 small to medium size manufacturing companies. Secondly, 
the questions are standardized and are not subject to 
being altered by an interviewer. And finally, the questions 
can be answered at the convenience of the respondent implying 
that the person can deliberate on each point.  In view of the 
disadvantages, we are faced with the possibility of mis- 
interpretation which implies that the questions used should 
not get too complicated and involved.  Also, a mail ques- 
tionnaire should be relatively brief to avoid fatiguing the 
respondent (see Appendix A for more detail). 
In order to have realistic questions on the questionnaire, 
three small to medium size companies in the area were in- 
terviewed in order to understand their manufacturing data 
and information needs if indeed they did exist. And, as 
the opening statement indicated, there appeared to be a 
definite need for computerized manufacturing data and informa- 
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tion. However, after an extensive literature research 
including books, magazines, and company libraries, it " 
was discovered that very little has been published on the 
subject under consideration. 
The only article found on this subject did however 
present a solution. According to a spokesperson for the 
International Business Machines Corporation, a new group 
of "Industry Applications Programs',' developed by the company 
for first time computer users in the manufacturing industry 
will afford the small to medium size businessperson the 
same access to computerized operational and financial 
functions that the large firms now enjoy. 
The new programs, called Manufacturing Management 
Accounting System (MMAS), provide nine ready to use applica- 
tions for their System/32. They contain the following 
operational and financial functions: product definition and 
costing, production status and costing, inventory management, 
order entry and invoicing, payroll, accounts receivable, 
accounts payable, sales analysis, and general ledger. 
The programs together with the IBM System/32 can be 
rented for under $1,000 a month.  This really is not ex- 
pensive in terms of marked increase in capability for en- 
hancing productivity, an advantage formerly enjoyed only 
by the more affluent large firms. 
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The programs were designed specifically for a variety 
of small manufacturers.  The manufacturer can select one 
application or a combination of applications depending on 
his requirements.  The system was designed for businesses 
without data processing experience and operates in a 
'programmerless' environment (l). 
The ideas aforementioned are similar to the proposal 
in this thesis, the proposal being that the small to medium 
size manufacturing companies will have hardware such as a 
CRT (Cathode Ray Tube) or a TTY (Teletype) whereby they can 
connect to Lehigh University's computer center ( for 
instance, a telephone connection) to obtain the manufac- 
turing data or information.  The difference being that the 
company would connect to Lehigh rather than renting the 
previously mentioned System/32.  If Lehigh does not have the 
manufacturing data or information the company needs, Lehigh 
could either develop it, purchase it, or contact the computer 
network (discussed below) with which it is involved. 
Lehigh University is involved in a simulation and gaming 
project for inter-institutional computer networking.  The 
project is a collaborative effort on the part of sixteen 
institutions in cooperation with EDUCOM (interuniversity 
Communications Council, Inc.) to construct a computer 
simulation model of a possible national computer network 
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which includes the project participants.  This proposal for 
computer networking came about because decision makers at 
universities and research institutions are being faced 
with difficult questions about how computing services 
should be provided to their institutions. Due to spiraling 
costs of purchasing software, hardware^ etc., computer 
networks provide an attractive alternative. 
At this point, a distinction will be made among a 
single access computer (SAC), a time sharing system (TSS), 
and a computer network (NET).  A TSS, with its one supplier 
and many simultaneous users, stands like an intermediate 
stage between a SAC, with its one supplier and one user, 
and a NET with its many suppliers and many users 
(NET:TSS=TSS:SAC).  A fundamental goal in networking is 
to give each user the impression that he is dealing with 
only one supplier no matter how many or whose survices 
he is using (7). 
In this proposed system, the small to medium size 
manufacturing company will be connected to a network 
whereby there will be many users and many suppliers. This 
concept can be further visualized by the use of figure 3-1. 
Thus in conclusion, it was learned through company 
interviews that there actually is a need for computerized 
manufacturing data and information for the small to medium 
M 
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size manufacturing company to replace the time consuming 
manual tasks so as to improve operating efficiency, pro- 
ductivity, etc. However, little has been done to solve 
this problem.  Therefore, through this thesis it is hoped 
that some light will be shed on this underdeveloped area. 
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Chapter U 
DEFINING AND DETERMINING 
THE 
MANUFACTURING DATA AND INFORMATION NEEDS 
As previously discussed, a mail survey was employed 
as a means of defining the manufacturing data and infor- 
,/mation needs. A copy of the questionnaire that was 
used for the purpose of the present study can be found in 
appendix B. 
A list was provided which contained the names and 
addresses of manufacturing companies throughout the state 
of Pennsylvania.  Approximately 500 questionnaires were 
sent out resulting in a return of 180 questionnaires.  This 
is approximately a 36$ return which is unusually high for 
responses to a mail survey. 
Upon tabulation of the results of the questionnaire, 
the data was analyzed on a CDC 64-00 computer along with the 
aid of SPSS (Statistical Package for the Social Sciences). 
SPSS was chosen because the statistical manipulations 
offered were very extensive in addition to the fact that 
it addressed itself to the statistical analysis of ques- 
tionnaires. While many options were available, the statis- 
tical manipulation of crosstabulation was the most appro- 
priate way in which to analyze the data. 
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A crosstabulation is a joint frequency distribution 
of cases according to two or more classificatory variables. 
The display of the distribution of cases by their position 
on two or more variables is the chief component of con- 
tingency analysis and is indeed the most commonly used 
analytic method.  The most basic form of crosstabulation is 
the 2x2 table.  Consider a study which is familiar to all: 
namely, that which hypothesizes a relationship between eye 
color and hair, specifically that the frequency of blue 
eyed persons among blondes is considerably greater than the 
incidence of blue eyes among those whose hair -color is 
brown. 
Thus, crosstabulation tables will expose relationships 
between two variables.  The questionnaire was designed to 
expose several relationships such as: whether or not the 
type of manufacturing (question l) had any influence on 
how the other questions were answered; whether or not the 
type of orders (question 3) had any influence on how the 
other questions were answered; and whether or not the 
amount of employees (question 15) had any influence on how 
the other questions .were answered. For example, it was 
felt that it was reasonable to hypothesize that a company in 
which more than 50$ of its orders were for a standard item 
would be less inclined to need the information proposed 
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by question 4- than a company in which more than 50/6 of its 
orders were for entirely different items.  The reason being 
that a company in which more than 50$ of its orders were 
for a standard item would have little need for new machining 
data, etc. 
Generally speaking, the format of a 2 x 2 crosstabu- 
lation table is X by Y.  In this particular study, the 
cell (2,2) is the cell of interest.  A crosstabulation 
of a negative answer does not tell us any thing whereas a 
crosstabulation bjr a negative response has the potential of 
revealing (as in the case of a yes/no answer) whether or 
not a particular variable is or is not desirable.  In 
relation to the question of which variable to choose for the 
If variable and which variable to choose for the Y variable 
we must examine the interpretation of a table.  If we 
crosstabulate the responses for a job shop type company 
("typemfga") by.whether or not they desire a computer to 
perform routine calculations ("calca" and "calcb" re- 
spectively), we are in effect asking ourselves, "out of 
all the companies who indicated that they were a job shop 
company, what percentage of these companies want a computer 
to perform routine calculations and what percentage of 
these companies do not desire this information". 
The following example will clarify the aforementioned 
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discussion. 
Example:  Crosstabulate "typemfga" by "calca" 
Crosstabulate "typemfga" by "calcb" 
count 
row pet 
"calca" 
0 1 
type-        0 
mfga          _ 
12 
15% 
A 
25$6 
1 90 12% 
35 
28% 
(a) 
count 
row pet 
"calcb" 
0 1 
type- 
mfga 
0 7 43.8% 
9 
11.556 
1 56 4.4.. 8% 
69 
55.256 
(b) 
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A zero represents a negative response while a '1' 
represents a positive response.  In order to discover 
whether or not "typemfga" desired "calca", examine cell 
(2,2). From table (a) we see that 2856 of "typemfga" 
desires "calca" whereas 55.2$ of "typemfga" does not de- 
sire "calca" implying that "typemfga" does not want 
"calca". 
Due to the length of the wording in some of the 
answers, abbreviations were devised for each possible 
answer.  These abbreviations will appear in the results, 
therefore, it is necessary to know the definitions 
which will be presented below. 
Question Abbreviation 
1 
1 
1 
typemfga 
typemfgb 
typemfgc 
2 
2 
2 
2 
2 
2 
flolinea 
flolineb 
flolinec 
flolined 
flolinee 
flolinef 
3 
3 
3 
ordersa 
ordersb 
ordersc 
Correlation to 
answer boxes on 
questionnaire 
job shop. 
batch 
mass production 
a 
b 
c 
d 
e 
f 
a 
b 
c 
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Question Abbreviation 
A refa 
A refb 
A refc 
5 costa 
5 costb 
6 
6 
invtya 
invtyb 
7 
7 
laya 
layb 
8 
8 
asmya 
asmyb 
8 
8 
asmyc 
asmyd 
8 
8 
asmye 
asmyf 
9 costa 
9 costb 
10 mixa 
10 mixb 
10 mixc 
10 mixd 
11 mult a 
11 multb 
11 multc 
11 multd 
112 tva 
12 tvb 
13 tmnla 
13 tmnlb 
U minia 
U minib 
Correlation to 
answer boxes on 
questionnaire 
a 
b 
c 
yes 
no 
yes 
no 
yes 
no 
a 
b 
c 
d 
e 
f 
yes 
no 
a 
b 
c 
d 
a 
b 
c 
d 
yes 
no 
yes 
no 
yes 
no 
15 employes 
22 
number of 
employees 
Before proceeding to the results of the crosstabulation 
tables, it is necessary to survey the raw statistics con- 
cerning the number of responses to a particular question. 
The reason why it is necessary is because if a value of 
100$ appears on the tables, we cannot say whether or not 
this is a good result unless we know how many companies re- 
sponded in this manner. While a response of 100$ could be 
shown due to 2 out of 2 companies answering a particular 
question, a response of 100$ due to 75 out of 75 companies 
answering a particular question would be more meaningful. 
The number of responses to each question now follows: 
Question 1 
job shop  .125 
batch  18 
mass production  5 
Question 2 
fabrication manual flow line 104- 
assembly manual flow line  17 
fabrication mechanical flow line. 4- 
assembly mechanical flow line.... 1 
non-mechanical manual flow line.. 114. 
moving belt manual flow line  3 
23 
Question 3 
standard items  13 
standard items with modifications  20 
entirely different items  .106 
Question 4- 
manufacturing reference books 62 
metal cutting data 69 
material substitute information 55 
Question 5 
use computer programs to perform routine 
calculations 
yes - 57        no - 78 
average number of man hours per year saved was 
approximately 566. 
Question 6 
computerized inventory management 
yes - 41       no - 94- 
Question 7 
plant layouts 
yes - 4-4-        no - 94- 
Question 8 
assembly systems information 
costs 54- 
inspection repair points 18 
cycle times .„ 20 
line balancing 20 
24- 
Question 8 (cont.) 
network flow information 25 
,assembly simulators 25 
Question 9 
cost estimating information 
yes - 90        no - 4-6 
Question 10 
mixed model line information 
model sequencing 11 
launch rate  4- 
both 12 
neither 44- 
Question 11 
multi model line information 
Economic Order Quantity  8 
Economic Production Range  2 
both 13 
neither 4-4- 
Question 12 
' TV screen 
yes - 64.        no - 4-6 
Question 13 
interactive training programs 
yes - 48        no - 4-1 
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Question 14 
technical assistance on mini's and micro's 
yes - 57        no - 35 
Question 15 
This question dealt with the number of employees 
at a particular firm. In order to obtain 
meaningful crosstabulation tables, the amount of 
employees was grouped accordingly.1 
The format is according to the following 
statement: 
The number of firms with employees greater than 
and equal to XX and less than YY equals ZZ 
XX     YY      ZZ 
00 10 56 
10 20 35 
20 30 14 
30 40 8 
40 50 7 
50 75 10 
75 5^0 8 
500 1400 3 
If one were to look at the above results for questions 
4 to 14, conclusions would be that the following represents 
the manufacturing data and information needs: desirable 
to have the information presented in question 4; do not want 
computer programs to perform routine calculations; do not 
want computerized inventory management; do not want com- 
puterized plant layout information; are only interested 
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in the costs aspect of assembly line information; would like 
cost estimating information for new products; do not want 
mixed model line information; do not want multi model line 
information; would like TV screens as a means of communica- 
tions; would like interactive training programs; and would 
like technical assistance on mini's and micro's. Keeping 
these results in mind, let us proceed to the crosstabulated 
results. 
As previously mentioned, there are variables with 
which it was expected that trends would appear.  The 
crosstabulation tables produced by these variables would 
be: 
"typemfg(a-c)"  by  "floline(a-f)" to "minib" 
"floline(a-f)"  by  "ordersa" to "minib" 
"orders(a-c)"   by  "reffa" to "minib" 
"employes(1-8)" by  "refa" to "minib" 
As one can see, "employes" has been grouped into eight 
different levels based on the number of employees.  This 
was done to get an idea of whether or not a particular 
group of employees answered the various questions differ- 
ently than another group. For instance, one would expect 
a larger firm to be more receptive to the idea of com- 
puter aided manufacturing, implying more positive indications 
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a- 
to the questions than a smaller firm. 
Although there seemed to be no obvious relationships 
between the answers to questions 4- to 14, crosstabulations 
were performed on them to explore the relationships that 
did exist. Results of these crosstabulations will appear 
in Appendix B. 
In an attempt to start reducing the data to analyze 
it in a morg concise manner, "floline(a-f)" was reduced 
to "flolinea" based on its overwhelming amount of responses 
as compared to the responses for "floline(b-f)". As one 
can see from the responses, "flolinea" and "flolinee" 
were very strongly associated. 
A summary of tables Bl to B4- versus the aforementioned 
variables of "typemfg(a-c)", "flolinea", "orders(a-c)", 
and"employes(1-8)" will be presented in table 4—1. 
In the case of the dichotomous answer, the response 
with the highest percentage received the mark, if a tie 
occurred, neither answer received a mark due to the fact 
that neither response had the advantage. In the multiple 
choice answers, the highest response received the mark, or 
in the event of a tie, the tied results each received 
a mark. 
The trends that appeared upon surveillance of the table 
will now be presented. 
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A. Crosstabulation of "employes" by the rest of the 
variables. 
In group 1 there was a definite negative trend. 
All crosstabulations where a negative alternative was 
available was chosen except for "costs". 
In group 2 there was still a negative trend, 
but not as extreme as in group 1.  Additional pos- 
itive answers for "calca" and "tva" were observed. 
For groups 3 to 8 up to "costa" there was not 
much of a trend either way.  "Costa" received a positive 
indication all the way. 
In groups 3 and U,  additional positive indications 
for "tmnla" and "minia" were noted. 
In summary, the smallest size company desires very 
little in the way of computerized services. A company \ 
of approximately 30 to 4.0 employees seemed to be a 
turning point in the way of negative responses to 
positive responses.  Companies of approximately 50 
or more employees desired most aspects of computerized 
manufacturing data and information. 
B. Crosstabulation of "typemfg" by the rest of the 
variables. 
All three types of manufacturing chose reference c. 
A negative trend was observed for "calca" and "invtya". 
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Batch showed a positive indication for "laya".  The 
results for "typemfgc" (mass production) when cross- 
tabulated by variables "calca", "invtya", and 1'laya" 
were not expected.  It was expected that a mass pro- 
duction concern would be highly interested in this 
information.  "Costa" was highly favored, there was 
a negative trend for "mixd", while a positive trend 
was shown by "typemfg (b & c)" towards Mmultc". 
Positive indications were shown in all cases for "tva" 
and "tmnla" with a negative indication for "minib" 
by "typemfgb". 
In summary, "typemfga" followed expected trends 
for a small company. Also, as expected, "typemfgb" 
showed oscillatory results. However, unexpected 
negative results for "typemfgc" appeared. 
C.  Crosstabulation of orders by the rest of the variables. 
Unexpected agreement was shown among "ordersa", 
"ordersb", and "ordersc". A negative trend except for 
"costa" and "tva" was observed while the resluts of 
"tmnl" and"mini" were split 50/50. 
The hypothesis that there would be similarities 
between a very small company and a company in which 
at least 50$ of their orders were for entirely different 
items was fairly accurate except for "tva", "tmnla", 
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and "minia".  However, the hypothesis that a trend would 
exist between a larger firm and the firm in which at 
least 50%  of their orders were for standard items and 
the hypothesis that a company fitting the description of 
"ordersc" would like to have all of the references, 
"calca" and "invtya" does not seem to exist. 
In summary, orders did not show a trend between 
companies who mainly produced standard items, standard 
items with modifications, to entirely different items, 
to the other variables they were crosstabulated by. 
D.  Crosstabulation of "flolinea" to the rest of,the 
variables. 
Since an overwhelming number of responses were 
for "flolinea" (a fabrication manual flow lane), 
it was decided that the best percentages would be from 
"flolinea". Retaining the variables "floline (b-f)" 
would only create additional difficulty in interpreting 
the results.  One will notice that the results of 
"flolinea" agree very strongly with those of "typemfga". 
Proceeding on to table 4--2, ^one is able to examine the 
relationships of "typemfg" crosstabulated by "employes (1-8)", 
"typemfg" crosstabulated by orders, and orders crosstabu- 
lated by "employes (1-8)". 
On a crosstabulation of "typemfg" by "employes" one can 
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see that a job shop ("typemfga") is strongly related to 
the smallest amount of employees.  This was expected. 
However, it was not expected that batch production ("type- 
mfgb") would be associated with approximately level 4- of 
"employes" rather than level 2. Finally, it was expected 
that mass production would be associated with a very high 
amount of employees rather than approximately 30 employees. 
A possible explanation is that these variables were not 
defined thoroughly in question 1. 
Crosstabulating orders by "employes" it can be seen that 
highest values for the types of orders were associated 
with the smallest amount of employees.  In effect, this 
tells us that a company in which more than 50$ of its orders 
are for a standard item ("ordersa") has approximately 10 
employees.  It was expected that a standard item company would 
be more or less a mass production company employing more than 
10 employees. 
Finally, the variables "typemfg" and "orders" were 
crosstabulated.  As one can see, the results followed 
expected trends; namely, most of the job shops orders were 
for entirely different items, most of a batch production 
company's orders were for a standard item with modifications, 
and most of the mass production company's orders were for 
a standard item. 
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Another interesting crosstabulated result was the 
positive relationship between "typemfgb" and "mult". 
This however was reasonable since a multiple model 
line involved batch type jobs. 
Variable "Typemfg" Orders 
Name 
1 
A 
44-8 
B 
5.6 
C 
0.0 
A B C 
employes 61.1 40.0 38.7 
employes 2 22.5 38.9 0.0 0.0 30.0 27.4 
employes 3 8.0 22.2 60.0 15-4 5.0 8.5 
employes 4 6.4 5.6 0.0 0.0 5.0 5.7 
employes 5 4,8 0.0 20.0 15-4 0.0 4-7 
employes 6 5.6 16.7 20.0 0.0 10.0 7.5 
employes 7 5.6 5.6 0.0 0.0 10.0 5.4 
employes 8 5.2 4-3 1.2 0.0 8.0 3.2 
ordersa 8.0 11.2 80.0 
ordersb 11.1 33.3 50.0 
ordersc 4.0.0 20.0 40.0 
TABLE 4-2. Summary Crosstabulations 
Thus, according to the relationships in Table 4-2,, 
one can construct Table 4-3. 
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Variable  "Employes"  "Flollne"  "Typemfg" Orders 
Name 1 A        A      r 
refa 
refb x x 
refc 
calca 
calcb        x x 
invtya 
invtyb       x x 
laya 
layb x x 
asmya        x x 
asmy(b-f) 
costa        x x 
costb 
mix(a-c) 
mlxd x x 
mult(a-c) 
multd        x x 
tva x 
tvb x 
tmnla 
tmnlb        x x 
minla x 
mlnlb        x 
x 
x 
x 
TABLE 4.-3. Summary of Table 4.-2 
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X 
Variable 
Name 
"Employes" "Floline" "Typemfg" Orders 
2 B B 
re fa 
refb 
refc 
x 
calca 
calcb 
invtya 
invtyb 
laya 
layb 
asmya 
asmy(b-f) 
costa 
costb 
x x x 
mix(a-c) 
mlxd x 
mult(a,b) 
multc 
multd x 
x 
tva 
tvb 
x 
t mnl a 
tmnlb 
minia 
mlnlb 
TABLE 4.-3.  Summary of Table 4.-2 (cont.) 
37 
Variabl 
Name 
.e "Employes" 
3 
"Floline" 
A 
"Typemfg" 
C 
Orders 
A 
refa 
refb 
ref c x 
X 
X 
X 
calca 
calcb X X X 
invtya 
invtyb X X X 
laya 
layb X X X 
asmya 
asmyb 
asmyd 
asmye 
asmy(c, f) 
X 
X 
X 
X 
X 
X 
X 
costa 
costb 
X X X X 
mix(a,c) 
mixb 
mixd X X 
X 
X X 
mult (a-, 
multb 
multd 
,c) 
X X 
f  X 
X X 
tva 
tvb 
X X X 
tmnla 
tmnlb 
X 
X X 
mini a 
minib 
X X X 
TABLE 4-3. Summary of Table 4-2 (cont.) 
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The following concerns the crosstabulation of the 
variables involved in questions U  to 14-.  As previously 
stated, the format in crosstabulation tables is X by Y. 
When there is a crosstabulation of a variable X 
which has several parts to it (ex. "asmy" a,b,c,d,e,f) 
the following conventions will be used in the-analysis. Since 
there are no obvious relationships among these variables 
in questions 4 to 14, it was decided that it was not necessary 
to tabulate results for each part of a variable with more 
than one part, rather, it was felt that the results as a 
whole were more important. 
Using "asmy" as an example, observe the distribution 
of the responses.  If the responses are distributed 
evenly, treat "asmy" as a whole unit, if the answers are 
not distributed evenly, split where necessary and treat the 
individual groups as a whole. As with "asmy" the results 
were as follows:  a) costs - 54;  b) inspection repair 
points - 18;  c) cycle times - 20; d) line balancing - 20: 
e) network flow information - 25; f) assembly simulators - 25. 
Obviously, "costs" has a little over twice as many responses 
while the other responses are approximately evenly dis- 
tributed.  Therefore, split the variables of "asmy" into 
two groups - "asmy" and "asmy(b-f)". 
The manner in which "asmy(b-f)" is to be treated as 
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a whole will now be explained.  Refer to table B9 for the 
crosstabulation percentages of "refb" and "costs". With 
"costa" the percentages of "asmy(b-f)" are all greater 
than the percentages of "asmy(b-f)" by "costb" thereby 
indicating a positive correlation of "asmy(b-f)" by !'costa" 
Therefore on table 4--4-> "costa" will receive a check mark. 
Looking at "asmy(b-f)" by "refb" does not always give us 
the highest indication ("refb" is the highest percentage 
of "asmy(b,c,e,&f)" but not for "asmyd").  Therefore, 
when a situation such as this exists a check mark will not 
appear due to the fact that "asmy(b-f)" did not behave one 
way or the other as a whole unit.  In the event that there 
was a tie for the two highest percentages, both variables 
will receive a check mark. If, however, the two highest 
percentages represent a 50/50 split as in a dichotomous 
anwser, no check mark will be issued due to the fact that 
there was not a definite advantage to either answer. 
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After examining the contents of table 4--4-> it appeared 
that there were fairly consistent results. The following 
conclusions can be drawn from table 4.-4 • There is a need for 
"refa", "calca", "invtya", "laya", "asmya", "costa", 
"tva", "tmnla", and "minia". 
Comparing this information with the information ob- 
tained directly from the raw responses yields the following 
table -4-5. 
Positive Indications Positive Indications For 
For Crosstabulated Responses 
Raw Responses of Questions 4- to 14- 
refa refa 
calca 
laya 
asmya asmya 
costa costa 
tva tva 
tmnla tmnla 
minia minia 
TABLE 4.-5. Summary Of Raw Responses To Those Obtained 
By Crosstabulating Questions 4- to 14- 
By crosstabulating the results, .. positive 
indications for "calca" and "laya" were obtained. ! 
Proceeding onward, table 4--3 will be reduced according 
to the following conventions. As one can see, there are 
four variables associated with each group ("employes", 
A5 
"flolinea", "typemfg", and "orders").  In order to condense 
this table, the rule will be that there must be a positive 
indication in at least three of the four variables in order 
to say that the variables which they were crosstabulated 
by were desirable; Thus, from the aforementioned stipulation 
and table 4-3,one can conclude the following results. 
Clas: sified System 
1 2 3 
refb refb 
asmya asmya asmya 
costa costa costa 
tva tva tva 
minia 
TABLE 4-6.  Summary Of The Classified Systems From 
Table 4-2 
In the case of table 4-6, fewer variables are 
desirable than would be hoped for.  The explanation being 
that the responses for the other variables were probably 
distributed throughout the various employee groups. 
Thus, looking at the results from the classified 
system in order to satisfy companies with less than 40 
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f? 
employees, the following results were obtained. 
Need 
ref(a-c) 
asmya 
costa 
tva 
minia 
Do Not Need 
calca 
invtya 
laya 
asmy(b-f) 
mix(a-c) 
mult(a-c) 
tmfila 
Table 4.-7. Summary Of Table 4.-6. 
As previously* stated, these negative results became 
more positive as the amount of employees increased.  Since 
"asmy(d-f)", "mix(a-c)", and "mult(a-c)", were usually 
associated with larger companies, this negativity for com- 
panies with less than 4-0 employees was not surprising.  Also, 
"invtya" and "laya" probably have a tendency to be associated 
with companies who employ more than 40 people.  Ttuis, the 
only unexpected result was that the smaller companies did 
not want the use of a computer to help reduce the amount 
of man hours spent on routine calculations ("calca"). 
As one can see, these needs were very similar to the raw 
4-7 
responses. However, if O^used the raw responses by them- 
selves,   would have been misled due to the fact that the 
negative responses seem to become more positive as the number 
of employees increased (as seen from the crosstabulated 
results). 
Drawing these results together one finds that the 
company desired only about 50% of the services offered on 
the questionnaire.  This amount of desirability increased 
as the size of the company increased.  An unexpected re- 
sult was that the small company did not want computer aid 
in eliminating repetitious calculations. 
Finally, in order to allow for the manufacturers 
to make comments on the questionnaire, question 17 was 
designed as an open ended question.  The majority of the 
comments were from small companies.  After reading a few 
of the comments, the result of the 5Q%  desirability be- 
comes more obvious. 
"With such a small job shop we require 
no such programs.  Our limited pro- 
duction of repeat items does not 
justify this." 
"One shot' speciality operations do not 
justify this type of information." 
"Can memorize" what is needed." 
4-8 
"We are obviously too small a concern 
for any computer operations." 
"We are a small shop not yet ready for 
computer services. However, we are 
aware of some of the advantages and 
would have future interest." 
"Too small of an operation to be eco- 
nomical for such programs." 
"We do not feel we are in a position 
to use a service of this type at this 
time." 
'JWhat is an interactive terminal?" 
The most redundant comment was that of being too 
small of a company.  Thus, it was felt that a major reason 
why computer aided manufacturing was not common in the 
small company was due to the fact that the owners did not 
realize that computer aided manufacturing can be beneficial 
to them regardless of their size. 
IS 
Chapter 5 
Systems Design 
Systems design can be defined as the drawing, 
planning, sketching, or arranging of many separate elements 
into a viable, unified whole.  The systems design phase 
is concerned with how the system is developed to meet the 
user requirements (l). 
The first step of systems design regardless of whether 
the system will be the first organized computer-based 
system or a revision of one in use for many years, is to 
determine the requirements of the system.  In doing this, 
the point of view must be that of the users. One must de- 
termine what the system must do in order for the personnel 
managing the activity to perform their jobs to the best 
advantage.  The requirements of the different companies with 
respect to a given system may not be consistent.  This was 
indeed the case as exemplified by the results of the fore- 
going questionnaire with relationship to the size of the 
company in question.  Therefore, the requirements may have 
to be broad enough to satisfy the various companies 
differing viewpoints. 
One set of requirements deals with system input. 
What are the independent events that produced the needed 
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data? What exceptional cases exist and how must they be 
treated? These and similar questions must be answered 
before it finally becomes possible to write a complete 
list of all requirements and precautions that must be taken 
with respect to the data input.  This set of requirements 
was   fulfilled by the information gained in the analysis 
of the questionnaire. 
The second set of requirements concerns the processing 
itself. What is the the storage media and what compliments 
do the users have with these factors? This question being 
satisfied through the use of the following figures 5-1 to 5-3, 
which shows the processing facilities available at Lehigh 
University. 
The final set of requirements deals with the output of 
the system. What information is needed by the company to 
make the various decisions demanded of it during the normal 
course of company operation? How often is this information 
needed? What should be the distribution? What must be the 
level of detail in the different reports?  What questions will 
be asked of the files? What will be the volume of this type' 
of activity? With respect to these final set of require- 
ments in the systems design to be presented shortly, space 
is allotted for the output. However, answers to the 
sample questions listed above are rather specific in nature 
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FIGURE 5-1 CDC 64.OO System (cont.) 
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FIGURE 5-3 PDP 11/34- System 
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and are particular to an individual company. It is recommended 
that questions such as these would be areas of future 
consideration. While the requirements of a system are the 
things the system must do if it is to be effective as an 
aid to the user, the specifications of the same system 
are criteria which the system must meet from a technical 
standpoint if it is to satisfy the requirements. 
One set of specifications will deal with the type of 
processing to be used, usually a choice between batch and 
online (A). As previously stated, the companies will be 
connected to Lehigh via a telephone connection coupled to a 
CRT, etc.  This is indeed an online or direct access 
processing system. The figures 5-4- and 5-5 represent this 
type of data collection and processing (3). 
direct 
online 
 > 
computer 
devices ^ 
teletype 
CRT 
console typewriter 
etc. 
FIGURE 5-4- Online Data Collection 
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direct 
online 
devices 
computer 
> 
reports 
teletype 
CRT 
console typewriter 
etc. 
FIGURE 5-5 Online Processing 
Another set of specifications will describe the data 
input reduction process to be used.  Such matters as the 
type of terminals or keying systems needed and any other 
matters related to data handling at input time will be 
treated in these specifications. 
Finally, a general set of specifications must deal with 
the files to be maintained in the system (12). Some may be 
online, other will be in disk, tape or card form according 
to the specifications of the individual company. 
Proceeding onward, figure 5-6 is a proposed system 
that could be followed.  An example of the type of information 
to be typed in by the user for identification purposes 
now follows: 
— company code (password) 
— company name 
A login session would be conducted in the following manner. 
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Login 
© 
> 
\/ 
specify 
desired 
program 
\/ 
give 
pertinent 
information 
± 
display- 
results 
yes 
^ 
FIGURE 5-6 Sub-System Flowchart 
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FIGURE 5-6 Sub-System Flowchart (cont.) 
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assume the name of the program to be used is called 
'Example *. 
Login 
Enter User Name - Firm 
Enter Password - HB103 
10/1/77    Logged in at H-02.37 
with user - ID QG 
EQ/PT/TRM  35/36/17 
Command - Attach, Example, ID = ABC 
PRN is 
Example 
PF Cycle No. = 001 
Command - Senator 
Senator Ver 2.20 
File Name - Example 
System - FTN 
100 lines 
List 
Run 
Logout 
After logging in, the company would proceed to give 
;oi this identification information.  The c mpany would 
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then proceed to specify the desired program. As 
proposed in the questionnaire, an interactive train- 
ing program would be available in the event that 
assistance or help was required.  The companies 
involved would have a listing of all available pro- 
grams along with the descriptions as to exactly what 
the programs could accomplish. Or if a company has 
its own specifically developed software, they would 
have a special code for it.  Being an interactive 
program, the program could ask for the pertinent in- 
formation as it was needed. After all of th& infor- 
mation was received by the computer, tne program would 
proceed to run.  The results would then appear to 
the user after which he would have the option of 
storing them.  The user would then be quizzed as to 
whether or not another program was desirable".- If so, 
the sequence would be repeated, otherwise, the user 
would proceed to logout. An example of a general 
subroutine can be seen with the aid of figure 5-7. 
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0 0        0 
\/ \/ 
c 
V 
return 
V 
± 
call 
Dsearch 
V 
call 
Datain 
V 
Where: Dsearch is a routine 
for finding a data set on 
system files in a data base; 
and Datain is a routine 
for reading a data set from 
a file into core storage. 
FIGURE 5-7 Example Subroutine Flowchart (cont.) 
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Chapter 6 
CASE STUDY 
A specific example of a problem using computer aided 
manufacturing techniques will now be presented.  The ob- 
jective of the following problem is to show an example for 
a request for a computer cost estimating program by a 
hypothetical company designated as Company X. 
Figure 6-1 is an example of how information is to be 
prepared.  It consists of the following: customer name; 
product name; the date; and the total units to be made. 
Direct material costs are calculated and purchased items 
are noted.  Direct labor costs are the main section of the 
form. The method of calculation is that the standard rate 
per hour including allowances is converted to minutes 
per piece simply by finding the pieces per minute then taking 
the inverse of this result.  Denote this result as 'x'. 
Now, take the set-up/service percentage and multiply it by 
'x'.  Denote this result as 'y'.  Adding 'x' and 'y' will 
yield the total minutes per piece to make the part. Mul- 
tiplying this total minutes per piece by a direct labor rate 
per piece for the operation will yield the cost per piece. 
This is repeated for each operation performed on the product 
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afterwbich a total direct labor cost is calculated as shown 
at the bottom of "the far right hand corner of figure 6-1. 
Next, the direct labor cost per piece is multiplied by 
an indirect percentage to reflect indirect costs which 
are considered as being plant wide. This indirect cost in 
dollars per piece is added to the direct labor cost in 
dollars per piece and gives the subtotal shown.  Next, a 
scrap percentage is computed which is simply the subtotal 
multiplied by the scrap percentage.  The conversion cost is 
then computed by the addition of this subtotal cost to the 
scrap cost.  The next item of consideration is the direct 
material cost in dollars per piece.  Upon this addition we 
will have the resulting total shop cost to manufacture the 
product. 
There are two additional notes on the procedures in- 
volved which are important to understand. First, the set-up/ 
service percent is a function of "the batch size and is not 
a straight percentage of the time per piece. For example, 
if we were to set up to run a batch of 5,000 pieces, we 
would incur one set-up cost and then this cost would be 
prorated over the 5,000 pieces to give a final cost. On 
the other hand, if we had a production batch of 100 pieces, 
we would still incur the same set-up cost but we would need 
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to reflect the fact in our product costing that this set-up 
would be prorated only over the 100 pieces produced.  In 
other words, do not use constant percentages. This only 
makes the large batch production runs more costly in our 
estimates. Also, it tends to understate the cost of 
small batch size production. 
Secondly, the efficiency of the cost centers is an 
individual factor to consider and should not be strictly 
denoted as being that of one hundred per cent.  By stating 
the correct operating efficiency, we will be increasing the 
minutes per piece and consequently be increasing the 
dollars per piece which should be charged for the product 
produced.  Otherwise, the cost of the produced product would 
be understated. 
As could be expected, the current manual cost es- 
timating procedure is time consuming to perform and various 
types of management analysis is not possible with small 
staffing levels.  Consequently, management is not able to 
look at various alternatives such as material costs, al- 
ternative production steps, and alternative batch sizes to 
give a picture of the costs which accrue when these factors 
are varied.  However, with a computer system, this type of 
analysis should be possible. 
The program was designed to give basic instructions 
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to the user if they are requested, to read existing data 
from a file, to print this existing data if the user de- 
sires to check it, to create an entirely new data set, to 
make changes to the existing data set, to perform the 
requested calculations, to prepare the output for the user, 
to enable the user to return to any part of the computer 
program, and finally to enable the user to create a per- 
manent file of the data. 
The program is composed of subroutines.  This is a 
wise procedure to use, as otherwise large programs can be- 
come unnecessarily long and complicated.  A description of the 
subroutines will now be presented.  First, a subroutine named 
Greet provides basic instructions for the user.  Instructions 
were designed to be as explicit and as compact as possible. 
Subroutine Specify allows the user to create his own data 
set.  Subroutine Input reads existing data from a file. 
Subroutine Echo allows the user to print data. The program 
is set up so that the user has the option of having data 
printed via Echo either after recalling existing data, 
creating new data, or changing the existing data. This is 
a desirable feature so that the user is well aware of the 
data to be processed.  Subroutine Change allows the user to 
change parts of the existing data set.  Subroutine Stime 
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computes the set-up times for each operation step in addition 
to the other calculations.  Subroutine Short prepares the 
output form for the cost estimating procedure. Next, 
subroutine Store will make a current data set a permanent 
record.  And finally, subroutine Sortie will return the user 
to various parts of the procedure based on a series of 
questions to be asked of the user.  The computer program 
itself is on file at the Lehigh University Computer Center 
under the thesis number of 000280. 
The following system flow charts will clarify the 
preceding discussions. 
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instruc- \no 
.tions 
yes 
V 
Greet: gives 
instructions 
FIGURE 6-2 Program Flowchart 
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FIGURE 6-2 Program Flowchart.(cont.) 
74 
0 
document 
<r 
V 
CRT 
o       O  O 
o o     o 
no 
yes 
V 
Echo: prints 
data 
<r 
-^ 
Change: 
changes 
master 
data 
no 
d 
i 
s 
k 
FIGURE 6-2 Program Flowchart (cont.) 
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FIGURE 6-2 Program Flowchart (cont.) 
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FIGURE 6-2 Program Flowchart 
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FIGURE 6-2 Program Flowchart (cont.) 
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^ 
^ 
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detailed 
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yes 
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FIGURE 6-3 Subroutine Greet 
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entry 
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call 
dsearch 
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FIGURE 6-4 Subroutine Input 
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FIGURE 6-4 Subroutine Input (cont.) 
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FIGURE 6-5 Subroutine Echo 
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FIGURE 6-6 Subroutine Specify 
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FIGURE 6-7    Subroutine Change 
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FIGUEE 6-7 Subroutine Change (cont.) 
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FIGURE 6-7 Subroutine Change (cont.) 
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FIGURE 6-8 Subroutine Stime 
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FIGURE 6-8 Subroutine Stime (cont.) 
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FIGURE 6-8 Subroutine Stime (cont.) 
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FIGURE 6-9 Subroutine Short 
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FIGURE 6-9 Subroutine Short (cont.) 
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FIGURE 6-10    Subroutine Sortie 
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FIGURE 6-11 Subroutine Perm 
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A typical interactive session would consist of 
questions being asked by the system appearing on the ter- 
minal screen arid-the user typing in his response.  An 
example now follows: 
Has master data been attached? yes 
Do you want instructions? no 
Do you want data printed? yes 
(see table 6-1 ) 
Would you like to create a data set? no 
Do you want data printed? no 
Do you want a perm file? no 
Enter vol per piece as floating point — .9 
Enter purchased item cost as floating point — .8 
Enter scrap fraction as floating point — .07 
Enter purchased item scrap fraction, as 
floating point — .06 
Do you want results printed? yes 
Enter name of part — brake 
Enter total units to be made as a floating point — 12.0 
Enter your last name — Swartley 
Enter data as a six digit integer — 102577 
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At this point of the program the calculations are 
performed and the results are printed in the following 
format.of table 6-1. 
The results are now finished being printed out. 
At this point in the program, the user can go back to any 
of the subroutines by following the printed instructions. 
Explanations for the abbreviations appearing in the 
•table 6-1 will now be presented. 
Dir Lbr - direct labor rate 
Ind Alo Fen - indirect allowance fraction 
(multiply by 100 to get percentage) 
Std Tme - standard time min/piece 
Cur Eff Fen - current efficiency fraction 
(multiply by 100 to get percentage) 
Cho Tme - changeover time 
Cho Qty - changeover quantity 
Mix Cost - mix cost $/volume (raw material cost) 
Adj Tme - adjusted time min/piece 
Lbr Rte - labor rate $/min 
Dir Lbr - direct labor $/pc 
Ind Cst - indirect cost $/piece 
Set Tme - set-up time min/piece 
Set Cst - set-up cost $/piece 
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Indirect cost = .1244 
Subtotal = 1.0128 
Scrap = .0709 
Conversion cost = 1.0837 
Direct material cost = .3000 
Total unit cost = 1.3837 
TABLE 6-1.  Case Study Example (cont.) 
Thus, the user is able to perform many manipulations 
upon the master data set with relative ease and within 
a short period of time. Also, the cost estimating pro- 
cedure of a particular part at Company X can be performed 
with the current staffing level and more management 
analysis can be performed on the data set. 
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Chapter 7 
THE AVAILABILITY OF RESOURCES 
AND 
THE COMPUTING COSTS 
As presented in the first chapter, Lehigh University 
is involved in a simulation and gaming project for 
inter-institutional computer networking. The Universities 
on the proposed network were contacted to determine if 
they had any resources which could be used to answer any 
of the questions presented on the questionnaire. The results 
for the most part were negative. However", a few schools 
did have information to offer. 
Carnegie-Mellon University stated that their Processing 
Research Institute is principally directed to manufacturing 
equipment automation using computers.  This includes real 
time computer control, data acquisition, sensor technology, 
machine design and conception, and process design. They 
have developed considerable software for: real time computer 
control; real time data acquisition; interfacing of mini 
and micro computers; and computer graphics. 
Texas Technological University stated that this thesis 
was addressing a topic currently being discussed but on 
a broader scale, to include many engineering areas.  Their 
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Industrial Engineering Department does a fair amount of work 
in the areas of job scheduling and planning, but unfortunately, 
not all of it is done with programmed packages.  The computing 
that does take place has to be programmed by the user (the 
I. E. graduate student) and therefore the programs are not 
likely to be transportable or of a general nature to accept 
input from other users.  They also mentioned that they are 
interested in information on applications similar to those 
mentioned in the questionnaire. 
The University of Georgia operates COSMIC, which 
is a software dissemination house supported by the National 
Aeronautics and Space Administration.  The inventory for 
this program library is approximately 2,000 programs and 
includes many packages that would be similar to those 
indicated in the questionnaire. 
With respect to Lehigh University, their availability 
of resources was large.  There is a material selection program 
being developed by the Metallurgy Department which has been 
previously described. Within the Industrial Engineering 
Department, the following computer programs exist:  a 
plant layout program; a statistical forecasting model; an 
inventory systems-model; a model for inventory ordering 
policy; a project scheduling program; an assembly line 
balancing program; a model on statistical control charts; 
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a maintenance policy simulation; a model for queueing 
systems; a one-product company simulation; a linear model 
to solve resource allocation problems; a materials require- 
ment planning model; a program that will solve problems struc- 
tured as a dynamic programming model; a network analysis 
model that will solve shortest path minimum cost flow 
problems in directed networks; a network scheduling model 
that will solve for the critical path in project scheduling 
networks where resource constrained project schedules are 
solved via the Burgess-Killebrew and J0BLOAD heuristics; 
a model for solving problems structured as decision trees 
considering risk where present value and Bayesian analysis 
may be included; a model for decision making under un- 
certainty which incorporates the methods of Laplace, 
Hurwicz, Savage, and Wald; a stochastic inventory control 
model for multi-period inventory problems with stochastic 
demand; a model that will solve brand switching, finite 
queueing, and random walk problems; and a model that will 
process data by cost-effectiveness methodology. 
Therefore, as far as the feasibility of providing 
the missing pieces is concerned, it seems as if there are 
resources available to satisfy the manufacturing data and 
information needs to a reasonable extent. 
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Lehigh's Computer Center indicated that they would be 
willing to develop some of the necessary software whereas 
many of the other institutions responded negatively to the 
idea. One stipulation of the computer center being that 
contracted jobs be of reasonable magnitude, otherwise stated, 
they would prefer ten jobs which paid two hundred dollars 
each to two hundred jobs which only paid ten dollars each. 
Therefore, a company should not be overlooked who wants 
little in the way of manufacturing data and information 
needs as long as the company can afford to pay for the 
services. 
Another area we must consider concerns the costs 
involved for the services.  There are various factors to 
consider.  There is an overhead cost associated with 
processing bills for computer services.  Thus, if a bill 
is prepared for any activity during the month (where activity 
could represent the charge for storing just one permanent 
file), the minimum total charge will be $5.00. Users whose, 
authorizations will be inactive for a period of time may wish 
to insure that the minimum charge is not inadvertently incurred. 
There is an execution charge of $0.34- per priority 
system second (PSS) for the first 500 seconds in a billing 
period, $0.25 per PSS for the next 1500 seconds, and 
$0.19 per PSS thereafter. PSS = priority factor multiplied 
by system seconds.  The priority factor for interactive 
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processing^ 2.6 for prime hours, 2.2 for non-prime hours, 
and 1.7 for off-hours where prime time is 8:00 a.m. to 
6:00 p.m., non-prime time is 6:00 p.m. to 11:00 p.m. and 
off-hours is overnight processing. Systems seconds are 
accounting units which combine central memory, central 
processor, and channel usage as follows: SS = CM factor x (CP 
seconds + .4-CH seconds).  The CM factor depends on the level 
of central memory actually used and the processing period. 
Selected values of the CM factor are as follows in table 
7-1... System seconds calculations are made every time core 
utilization changes and are summed for the job. The minimum 
charge per job or terminal session is one-half (■£) of a 
system second. 
CM Used 
30Kg 60K8 100Kg 120Kg 
Prime Processing 
Period •38 .50 .62 .80 
Non-prime Processing 
Period .36 .45 .52 .64. 
Off-hours Processing 
Period .33 .36 .38 .4.0 
TABLE 7-1 Central Memory Factor Table as of 11-1-77 
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The unit record charges includes the cost of supplies. 
It is $0.51 per Input/Output (I/O) unit which is equivalent 
to the following charges: printing is $0.51 per 1,000 
lines; card punching is $3.75 per 1,000 cards; plotting is 
$0.4.5 per 10,000 units; and paper tape punching is $0.30 
per 1,000 frames. 
Permanent file storage is $0,075 per record block 
day (RED) up to 5,000 RBD's per month, $0.04- per RBD 
thereafter. Each file separately stores one or more 
record blocks.  The capacity of a record block is 35,84-0 
characters. Charges are made for each calendar day of 
storage.  The charge covers storage space and automatic 
back up to magnetic tape by the Lehigh Computer Center. 
Files lost due to failure of the computer system will be 
restored by the Computer Center to the status which 
existed as of the end of the last working day before failure 
at no additional cost. Files lost by the user normally can 
be recovered by the Computer Center for an additional 
charge. 
Remote terminal connecting charges for 10 and 30 
character per second is $3.00 per connected hour or 
$200.00 per month for contracted unlimited service through 
one port.  One hundred and twenty characters per second is 
twice the rate for 10 and 30 character service.  Other 
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services and corresponding rates are available upon request. 
As of November, 1977, personnel services for programming 
are as follows:  junior programmer is $10.00 per hour; 
senior programmer is $13.00 per hour; a programmer/analyst 
is $16.00 per hour; and a senior analyst is $20.00 per 
hour. 
Rates are subject to change upon 60 days notice. 
Changes in equipment, software, and operating conditions 
periodically may affect the processing costs of individual 
jobs without prior notice (Lehigh University Computing 
Center form #UU). 
In addition to these costs, the rates of the particular 
area for telephone services must also be considered. 
Since the gaming and simulation project is approxi- 
mately one year from its completion date, it would be at 
least this long until the programs from the other institutions 
on the network could be utilized by users of the Lehigh 
University Computer Center. However, since Lehigh Univer- 
sity has a fairly extensive amount of available software 
to offer, one could conclude that the availability of 
resources is not a problem. Also, the costs incurred by 
a particular company for the computer services for the 
manufacturing data and information needs is a competitive 
rate with respect to other computer installations. 
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Thus, after examining the feasibility of providing the 
resources and the costs involved, it was noted that the 
software is available and the costs involved are reasonable 
while the degree of interest for these resources, as 
previously noted, is associated with the size of the firm. 
In conclusion, it appears from the results of this 
study that there is an interest for computer aided manu- 
facturing data and information by the small to medium size 
manufacturing firm and that it is feasible to supply them 
with the desired manufacturing data and information at 
reasonable costs. 
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Chapter 8 
RESULTS 
It was hypothesized that trends should appear with 
the following four variables with respect to being able 
to predict the responses to the remainder of the variables 
on the questionnaire: the variables relating to the type 
of manufacturing at a particular firm (job shop, batch, 
massproduction); the type of flow line in use at a particular 
company (manual versus mechanical); the type of item the com- 
pany manufactured (standard item, standard item with 
modifications, entirely different items); and with the 
amount of employees at a particular firm. 
Trends were desired to provide a means with which to 
predict the type of information that a particular company would 
desire.  It was thought that: a job shop oriented company 
would be small and have orders for entirely different 
items; a batch oriented company would be more or less a 
medium size operation with a major portion of its orders for 
a standard item with modifications; and that a mass production 
concern would have many employees with orders for a standard 
product.  From these groups , which shall be labeled A,B, 
and C respectively, it was hoped that trends would appear 
as to what each group would desire in the line of computer 
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aided manufacturing.  As an example, one would not expect 
a company who manufactured a standard item (C) to desire 
types of information similar to metal cutting information 
for various types of materials. 
The results now follow.  The smallest size company 
desired very little in the area of computer aided manufacturing, 
whereas the larger firm desired most aspects of the computer 
aided manfuacturing offered on the questionnaire.  A 
job shop company did not desire much in the way of computer 
aided manufacturing, a batch type company followed the middle 
of the road, and where it was expected that a mass production 
company (usually associated as being a larger firm when 
compared to a job shop) would be highly interested in most 
aspects of computer aided manufacturing,appeared to have 
only moderate interest in computer aided manufacturing.  But, 
looking at the condensed results, it can be observed that 
firms which considered themselves to be a mass production 
firm consisted of approximately 50 employees. While looking■ 
at the detailed tables (companies with more than 100 
employees), it can be observed that the trends beco-me more 
positive with regard to the amount of interest in computer 
aided manufacturing.  It appeared that most companies had 
a fabrication type manual flow line.  Once again, it would be 
expected that a typical mass production firm would be 
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composed of mechanical flow lines. Finally, the major type 
of the order at a particular company had no bearing as to 
what type of computer aided information they desired. 
According to the classified system mentioned earlier 
as group*! A,B, and C, the following results were observed: 
the job shop company was indeed a small company with most 
of its orders for entirely different items and desired a 
lot in the way of computer aided manufacturing data and 
information; the batch shop company had more employees than 
a job shop, had orders for items with modifications and 
desired an average amount of the computer services offered; 
and the mass production company contained the most employees, 
produced standard items but did not desire as much of the 
manufacturing data and information as did the job shop or the 
batch type shops. 
It should therefore be obvious that the results 
are in some instances different for the classified groups 
than they were for the individual elements. For example, 
group A desired very much in the way of computer aided 
manufacturing data and information whereas by looking at the 
results for an individual element of group A such as the 
company size, very little was desired in the way of computer 
aided manufacturing data and information. 
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Therefore, in trying to determine the type of infor- 
mation to be requested by a particular firm, a criterion must 
be decided upon as to whether one should use the proposed 
classified system (groups A,B, and C) or whether one should 
only look at a particular individual element of the group. 
In conclusion, it was determined that there was a 
need for manufacturing data and information and defining 
these manufacturing data and information needs was possible. 
However, defining these manufacturing data and information 
needs will depend on whether the company is viewed as being 
one of the aforementioned groups or whether only one aspect 
of the company is viewed. 
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Chapter 9 
SUMMARY 
It was hypothesized that the small to medium size 
manufacturing concern is in need of computer aided manufac- 
turing.  Through the use of the questionnaire presented 
in this thesis it was apparent that there was indeed a need 
for manufacturing data and information. Defining this 
degree of interest as being associated with factors 
described in the chapter 8. 
After it was confirmed that the need for computer 
aided manufacturing existed, a systems design was prepared 
in order to determine in part the feasibility of supplying 
the small to medium size companies with the desired data 
and information. As an aid in clarifying systems design, 
an example was presented. The example was concerned with 
a cost estimating problem for an item manufactured by the 
company. The software for this example of computer aided 
manufacturing was found to be technically feasible. Results 
demonstrated the fact that more management analysis was 
possible using the computer in manufacturing, in addition to 
the other benefits such as economic savings when compared to 
the hourly wage of an employee. And the fact that the process 
was accomplished with the current level of staffing also 
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represents an economic savings. With respect to the 
availability of resources, it was seen that there was an 
adequate amount of software available to meet most of the 
needs as proposed by the questionnaire. More software is 
expected to become available due to the computer network 
that Lehigh University is scheduled to become involved with 
in the near future. 
The costs involved in the area of the computer center 
at Lehigh University were found to be competetive with other 
computer installations. 
In conclusion, the manufacturing data and information 
needs of the small to medium size manufacturing concern were 
determined and defined. Also, it was found that it would 
be technically feasible.to supply these manufacturing 
companies with the desired information. 
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Chapter 10 
APPROACHING COMPUTER AIDED MANUFACTURING 
This chapter is concerned with instructing a company on 
how it can become involved with the proposed system of 
computer aided manufacturing. 
First it should be stated that most of the software 
offered by Lehigh University which would satisfy the needs 
as proposed by the questionnaire is not currently on the 
computer system and is not scheduled to be placed on the com- 
puter system in the near future. At the present time, the 
programs available from Lehigh University are on computer 
cards kept by the Industrial Engineering department.  Therefore, 
it is proposed that a list of all such computer programs be 
listed and defined so that the initial step by the company in 
question would be to contact the Industrial Engineering 
department at Lehigh Universtiy and have a list of the 
computer programs sent to their company. 
The next step involved would be to contact the 
computer center at Lehigh University in order to establish 
the computer connection itself.  This is usually accomplished 
on the telephone or through the mail.  The company for 
instance would call the computer center and expla.in that 
it wants to open an account.  The company would authorize 
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the amount of money they wish to deposit in their account. 
At this time the company will receive its password which 
will be used for logging-in proceedures. Billings are sent 
to the company once a month of which the company is billed 
only for the services they used. 
Now that an account has been authorized, the company 
can proceed to use the computer.  Since the programs are 
not in the computer, there would have to be some sort of 
liaison program whereby the company would call the Industrial 
Engineering department who would in turn put the desired pro- 
grams on file in the computer.  The company would proceed 
to login and ask the computer to list the program.  The 
login procedure would be similar to the procedure presented 
in chapter 5. Upon logging out, a summary would be pre- 
sented as to the costs which were involved.  The computer 
center offers comprehensive booklets on the detailed inter- 
active manipulations and instructions. 
In summary, the company would contact the Industrial 
Engineering department at Lehigh University to obtain a 
listing of the available programs. If they decided to use 
one of the programs, they would then contact the computer 
center at Lehigh University and open an account. After 
opening the account they could start using the computer 
programs they selected once the programs were placed 
1U 
on the computer. 
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Chapter 11 '^ 
FUTURE AREAS OF STUDY 
An ideal follow-up to this study would be the direct 
application of such a system. In otherwords, to go to 
several small to medium size manufacturing companies in the 
area and put this proposed system into effect. This would 
enable one to test the direct application of computer 
aided manufacturing for small to medium size manufacturing 
concerns. As previously stated, the size of the firm  must* 
not be overlooked in relation to their willingness to pay 
for the computer aided services.  That is, if a small company 
desires little in the way of computer aided manufacturing 
but is willing to pay for these services, they should not 
be overlooked in favor of the larger company who desires 
many of the services but who can not justify the costs 
in order to pay for the services. 
After the system was in use by a particular firm, a 
cost-benefit analysis study should be performed to examine 
whether or not such a system would prove to be beneficial 
to the firm. 
Thus the desire for manufacturing data and information 
has been established, now it should be determined which 
companies would actually be interested in becoming involved 
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with it after which working models should be enacted to 
test the proposed system. 
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Appendix A 
DESIGNING A QUESTIONNAIRE 
In order to obtain plausible resuits from a questionnaire, 
one must employ a 'good questionnaire'. The technique of 
writing a good questionnaire is becoming an art in itself. 
To avoid the well known pitfalls,     the structure of 
mail questionnaires was studied quite extensively.  The 
knowledge which was gained from the research was used in 
composing the questionnaire which was sent to the various 
companies.  The following shall be. a presentation of the 
material found pertinent to the questionnaire. 
Although there are several methods of interviewing 
people, the method which pertained to this thesis was 
that of a mail questionnaire.  There are several advantages 
to a mail questionnaire. First of all it is possible 
to cover a wide geographic area.  Secondly, the questions are 
standardized and are not subject to being altered by an 
interviewer. And finally, the questions can be answered 
at the convenience of the respondent implying that the 
person can deliberate on each point.  There are, however, 
disadvantages such as: misinterpretation; questions used 
must be simple; and it (the questionnaire) should be 
relatively brief (17). 
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L.  ■ 
As one would expect, the wording in a mail questionnaire 
is very critical.  In going through many chapters dedicated 
to this particular area, a list was compiled which encom- 
passed the major points of consideration.  This list now 
follows: 
1. Use simple words. 
2. Make the questions as short as possible. 
3. Formulate the questions to yield exactly the in- 
formation desired. 
4.. Avoid multiple meaning questions. 
5. Avoid ambiguous questions. 
6. Avoid leading questions. 
7. Avoid catchwords. 
8. Personalize the questions. 
9. Keep to a minimum the amount of writing re- 
quired on the questionnaire (8). 
10. Word the questions so as to have them answered 
without bias. 
11. The quantity of questions should be relatively 
few in number consuming no more than four 
type written pages (5). 
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Thus, as one can see, there are many ideas to be 
considered when formulating the questions of a good 
survey. 
Now that the wording of the questions has been con- 
sidered, various aspects related to the questions themselves 
shall be considered. 
First of all consider the different types of questions. 
We can have dichotomous questions, the yes/no questions, and 
the multiple choice questions. 
Dichotomous questions allow for a third response.  The 
advantage is that if the non-commital third response is not 
openly mentioned relatively few people will fail to make 
a choice between the two choices presented.  On the other 
hand, if the third choice such as 'maybe' is mentioned more 
such responses will be obtained. 
With the yes/no question we have the disadvantage in 
that a slight misunderstanding of the question may result in 
a complete reversal from a positive to a negative answer or 
vice versa. Its advantage is found in statistical manip- 
ulations . 
And finally, the multiple choice questions.  It is 
important that the list of the alternatives or categories 
must be complete enough to cover the possible answers.  If 
it is incomplete, there is danger that the respondent will 
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think that one of the specified alternatives will take care 
of his response (17). 
Next, consider the general construction of the 
questionnaire. Many questionnaires are disregarded if they 
look too complicated or too long.  The questions should be 
arranged logically, the general questions should preceed 
the specific ones, and the opening questions should be 
easily answered.  Often, the physical appearance will 
affect the general level of cooperation. Generally speaking, 
there are several rules to follow in the area of physical 
arrangement.  These are: 
1. Number each item consecutively. 
2. Allow enough space for clear and legible entries. 
3. Set off questions by dotted lines, solid lines, 
bold face type, or spacing. 
4-. Vary the type within a question to emphasize 
the most important words or phrases. 
5. Arrange the items in columns or rows so the items 
not filled in can be seen at a glance. 
6. Place answer boxes etc. after questions so 
that it is easy for the respondent to answer 
the question(13). 
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7. The form should not be overcrowded. 
8. Check boxes should be vertically aligned. 
9. The first page should be the shortest, airest, 
and easiest looking page. 
10. The last question should not have a high number 
due to psychological reasons. 
11. It is easier to get a checked answer than an 
open ended question. The disadvantage to the 
check type answers is that they consume a large 
amount of space. - However, if one tries to 
eliminate this problem by having the respondent 
write in the answers, the respondent might 
possibly get tired of writing.  So once again 
a trade-off type of a situation exists (9)- 
Now that the questionnaire has been theoretically con- 
structed, the next area to be covered is that of pre- 
testing.  It is here that the effectiveness of the ques- 
tions is checked, bias resulting from wording is checked, 
and the clarity of the questions, is checked.  In other 
words, the reliability and the validity of the ques- 
tions is checked, in order to avoid confusion and 
122 
any possible misinterpretations by the respondent. Pre- 
testing should analyze critically each of the proposed 
questions and make suggestions for possible improvements (13)' 
Thus, in summary one should consider the following in 
the construction of a questionnaire: decide the means of 
obtaining the answers, by a  mail survey, telephone calls, 
etc; arrange the wording so as to make the questions as 
fool proof as possible; to be aware of the advantages and dis- 
advantages of the different types of questions; pay 
attention to the physical arrangement of the questions; 
arrange the questions logically; and pre-test the ques- 
tionnaire . 
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Appendix B 
SAMPLE QUESTIONNAIRE AND TABULATED RESULTS 
QUESTIONNAIRE ON 
MANUFACTURING DATA AND INFORMATION NEEDS FOR 
COMPUTER AIDED MANUFACTURING 
1. A job lot shop is a factory which produces largely 
and directly to customer orders. It handles many 
orders, often for small quantities and for large 
varieties of products. A hatch production is where 
the products being made must be made in lots or batches. 
Differences in size, type, color, etc. mean that they 
must be kept in different lots as they pass through 
the processes. Mass production is when a factoryN. 
makes large quantities of. a limited variety of products. 
Please check the type of manufacturing most applicable 
to your business: 
j ob shop () 
batch () 
mass production () 
2. A non-mechanical manual flow line is one where the 
operator picks up the workpiece and moves it along. A 
moving belt manual flow line is one where a moving 
belt is employed. A mechanical flow line is also known 
as a transfer line. You have: 
a) a fabrication manual flow line () 
b) an assembly manual flow line () 
c) a fabrication mechanical flow line () 
d) an assembly mechanical flow line () 
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If you have manual flow lines you have: 
e) non-mechanical manual flow lines () 
f) moving belt manual flow lines () 
3. More than 50$ of your orders: 
a) are for a standard item () 
b) are for a standard item with modifica- 
tions () 
c) are for entirely different items () 
4-. If you were considering new products or changing 
existing products, would you like: (please check if 
your answer is 'yes') 
a) access to information such as that found in 
manufacturing reference books (ex. Tool En- 
gineers Handbook) () 
b) metal cutting data such as feeds, speeds, etc. 
for various operations () 
c) material substitute information () 
5. Could you use computer programs to perform routine 
calculations which you now perform manually? 
yes () 
no () 
If yes, approximately how many man hours per year could 
be eliminated? 
  man hrs/yr 
6. Computerized inventory management helps minimize in- 
ventory levels by control of batch sizes, safety stock 
levels, and lead times. Would you find it desirable to 
have computerized inventory management to initiate a 
new inventory system or update an existing system? 
yes () 
no () 
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If you needed new plant layouts due to reasons such as 
<^nf reduction/ of a new product, updating an existing plant 
layout, renovations to the plant, etc., could you use 
the computer programs designed to optimize plant 
layout design? 
yes •() 
no. () 
8. If you were considering an automatic assembly system 
or were considering updating an existing system, would 
you be interested in computerized information such 
as: (please check if 'yes') 
a) capital expenditures, installation costs, 
debugging costs, pay-back periods, etc () 
b) analytical methods of determining the optimal 
location of inspection-repair points () 
c) determination of optimal cycle times () 
d) line balancing techniques () 
e)information pertaining to material handling and 
flow optimization via distribution network 
optimization for simplifying computations in 
network flow analysis () 
f) assembly simulators to evaluate proposed assem- 
bly line designs or examine existing ones () 
9- When comtemplating a new item or revising an existing 
would you be interested in cost estimating information 
in order to help you estimate the cost to manufacture 
a particular item? 
yes () 
no () 
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10. Mixed model lines are for production of a steady flow of 
models usually produced to meet customer requirements. 
For instance, if there are models A,B,C,&D, they can 
be produced in any order on the line. For example, 
A,B,D,A,C,... . In other words, we do not have to pro- 
duce all of model A before we can produce model B. 
If you have a mixed model type of manufacturing, please 
answer this question.  If you were considering revising 
an existing system would you be interested in computerized 
information on: 
a) model sequencing () 
b) launch rate of models onto 
the line () 
c) both () 
d) neither... () 
11. In a multimodel line, the multiple models may either be 
different products or different versions of the same 
product, but in either case the different models or 
products will have similar, although not identical, 
manufacturing requirements, otherwise there would be 
little justification in manufacturing them on the same 
basic line.  In practice, the line is set up for one 
model, and then adjustments are made to the line 
prior to the manufacture of a batch of the second model, 
and so on.  If you have multimodel lines, please 
answer this question.  In order to optimize productivity, 
minimize production costs, etc., would you be interested 
in information pertaining to: 
a) Economic Order Quantity (E0Q).() 
b) Economic Production 
Range (EPR) () 
c) both () 
d) neither () 
12. Do you feel that a television screen with a keyboard would 
be a good form of communication for an input/putput 
device? 
yes ()" 
no () 
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13. If you have interactive terminals or were considering 
obtaining them, would you find interactive training 
programs beneficial? 
yes () 
no () 
14-. If you have or are considering mini-computers and/or 
micro-processors, would you use computer programs de- 
signed to give you technical assistance on these 
devices? 
yes () 
no. () 
15. How many employees do you have? 
  employees 
16. What would you like as a special service via a manufac- 
turing research program which is an industry/university 
liaison program, that has not been asked on this ques- 
tionnaire? 
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Variable 
Name 
flolinea 
flolineb 
flolinec 
flolined 
flolinee 
flolinef 
ordersa 
ordersb 
ordersc 
refa 
refb 
refc 
/?alca 
calcb 
invtya 
Invtyb 
laya 
layb 
asmya 
asmyb 
asmyc 
asmyd 
asmye 
asmyf 
costa 
costb 
mixa 
mixb 
mixc 
mixd 
mult a 
multb 
multc 
multd 
TABLE B-l. 
"Typemfg" 
A B C 
73.6 72.2 80.0 
10.4. 22.2 20.0 
2.4 5.6 0.0 
0.8 0.0 0.0 
80.0 88.8 80.0 
2. 4 0.0 0.0 
8.0 11.1 40.0 
11.2 33.3 20.0 
80.0 50.0 40.0 
4-5.6 27.8 40.0 
49.6 38.9 60.0 
83.6 44-4 80.0 
4-0.8 33.3 40.0 
55.2 61.1 40.0 
27.2 
.      44-4 40.0 
68.0 50.0 40.0 
28.8 55.6 20.0 
69.6 44.4 80.0 
37.6 38.9 20.0 
13.6 5.6 20.0 
H.4. 11.1 20.0 
11.2 38.9 40.0 
18. 4 11.1 20.0 
12.8 16.7 0.0 
62.4- 72.2 60.0 
34-4. 27.8 20.0 
6.4 22.2 20.0 
3.2 5.6 0.0 
8.8 16.7 0.0 
32.0 27.8 20.0 
6.4 0.0 0.0 
1.6 0.0 0.0 
6.4 33-3 40.0 
33.6 11.1 0.0 
"Typemfg(a-c)" by "Flolinea" to "Minib" 
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Variable 
Name 
tva 
tvb 
tmnla 
tmnlb 
mini a 
minlb 
A 
"Typemfg" 
B C 
44.0 
32.8 
61.6 
33.3 
4.0.0 
4.0.0 
35.2 
27.2 
38.9 
38.9 
20.0 
20.0 
4.1.6 
24.. 0 
27.8 
33.3 
80.0 
0.0 
TABLE B-l.  "Typemfg(a-c) by "Flolinea" to "Mlnib" (cont.) 
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Variable 
Name A B 
"Floline" 
C     D E F 
ordersa 
ordersb 
ordersc 
7.7 
14-4- 
77.9 
11.8 
23.5 
70.6 
25.0 
0.0 
0.0 
0.0 
0.0 
100 
8.8 
14-9 
76.3 
0.0 
66.7 
0.0 
re fa 
refb 
refc 
44-2 
50.0 
4-3.3 
58.8 
64-7 
70.6 
25.0 
25.0 
25.0 
100 
0.0 
100 
4.1.2 
50.0 
4-0.4. 
33.3 
66.7 
33.3 
calca 
calcb 
4.6.2 
4-9.0 
52.9 
4.2.2 
25.0 
75.0 
100 
0.0 
4-3.0 
54-4 
33.3 
66.7 
invtya 
invtyb 
31.7 
66.3 
52.9 
58.8 
50.0 
25.0 
0.0 
100 
29.8 
64-9 
0.0 
100 
laya 
layb 
32.7 
66.3 
41.2 
58.8 
75.0 
25.0 
0.0 
100 
33.3 
64-9 
0.0 
100 
asmya 
asmyb 
asmyc 
asmyd 
asmye 
asmyf 
4-0.4- 
13.5 
14-.4- 
13.5 
18.3 
13.5 
52.9 
29.4- 
35.3 
4.1.2 
35.3 
23.5 
25-0 
0.0 
0.0 
25.0 
50.0 
25.0 
100 
0.0 
0.0 
0.0 
0.0 
0.0 
4-2.1 
15.8 
15.8 
16.7 
19.3 
14-0 
33.3 
0.0 
0.0 
0.0 
0.0 
0.0 
costa 
costb 
62.5 
33.7 
64-7 
29-4- 
75.0 
25.0 
100 
0.0 
61.4- 
34-2 
100 
0.0 
mixa 
mixb 
mixc 
mixd 
8.7 
1.9 
8.7 
31.7 
11.8 
5.9 
23.5 
23.5 
0.0 
0.0 
25.0 
75.0 
0.0 
100 
0.0 
0.0 
7.9 
2.6 
8.8 
31.6 
0.0 
0.0 
0.0 
66.7 
mult a 
multb 
multc 
multd 
4-.8 
1.9 
9.6 
33.7 
17.6 
23.9 
23-5 
35-3 
0.0 
0.0 
25-0 
50.0 
0.0 
0.0 
0.0 
100 
6.1 
1.8 
9.6 
31.6 
0.0 
0.0 
0.0 
66.7 
tva 
tvb 
4-7.1 
33.7 
58.8 
11.8 
25.0 
75.0 
100 
0.0 
47.4 
29.8 
0.0 
66.7 
tmnla 
tmnlb 
33.5 
83.3 
4-7.1 
23-5 
25.0 
75.0 
100 
0.0 
35.0 
28.1 
0.0 
66.7 
minia 
minib 
44.2 
19.2 
4-2.2 
5.9 
25.0 
50.0 
100 
0.0 
42.1 
23-7 
33.3 
33.3 
TABLE B-2. "Floline( a-f)» by "Ordersa" to "Minib" 
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Variable Orders 
Name A B C 
re fa 46.2 35.0 46.2 
refb 53.8 20.0 53.8 
refc 38.5 55.0 37.7 
calca 38.5 40.0 42.5 
calcb 53.8 50.0 54.7 
invtya 46.2 30.0 26.4 
invtyb 53.8 55.0 70.8 
laya 38.5 45.0 28.3 
layb 61.5 50.0 70.8 
asmya 38.5 55.0 36.8 
asmyb 15.4 5.0 14.2 
asmyc 15-4 10.0 15.1 
asmyd 23.1 15.0 13.2 
asmye 7.7 10.0 19.8 
asmyf 0.0 20.0 12.3 
costa 61.5 75.0 62.3 
costb 30.8 20.0 34.9 
mixa ■15.4 10.0 6.6 
mixb 0.0 5.0 2.8 
mixc 7.7 10.0 9.4 
mixd 38.5 45.0 29.2 
multa 7.7 10.0 4-7 
multb 7.7 0.0 0.9 
multc 7.7 15.0 8.5 
multd 38.5 22.2 33.0 
tva 4.6.2 45.0 44.3 
tvb 30.8 20.0 34.9 
tmnla 30.8 30.0 35.8 
tmnlb 46.2 30.p 
^30.0 
25.5 
minia 38.5 42.5 
minlb 38.5 30.0 21.7 
TABLE B-3. "Orders(a-c)M by '  "Refa" to "Minib" 
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Variable 
Name A 
"Ref" 
B C 
refa 
refb 
refc 
calca 
calcb 
66.1 
29.0 
50.7 
43.5 
54-6 
38.2 
invtya 
invtyb 
37.1 
58.1 
34.8 
60.9 
4-0.0 
52.7 
laya 
layb 
4-5.2 
5-4.8 
38.1 
60.9 
4-5.5 
54-5 
asmya 
asmyb 
asmyc 
asmyd 
asmye 
asmyf 
51.6 
19. 4- 
16.1 
16.1 
25.8 
17.7 
4-9.3 
20.3 
23.3 
17.4- 
25.1 
17.4- 
56.4- 
21.8 
21.8 
25.5 
30.9 
20.0 
costa 
costb 
83.9 
16.1 
75.4- 
23.2 
81.1 
16.4- 
mixa 
mixb 
mixc 
mixd 
12.9 
4.8 
U.5 
2-4.2 
8.7 
2.9 
10.1 
25.1 
9.1 
1.8 
H. 5 
30.9 
multa 
multb 
multc 
multd 
11.3 
1.6 
12.9 
25.8 
5.8 
1.4- 
11.6 
27.5 
9.1 
0.0 
12.7 
25.5 
tva 
tvb 
58.1 4-9.3 
29.3  " 
58.2 
25.5 
tmnla 
tmnlb 
50.0 
17.7 
4.4-9 
21.7 
4-7.3 
27.3 
minia 
minib 
56.5 
12.9 
50.7 
18.8 
58.2 
10.9 
TABLE B-5. "Ref(a-c)"by "Calca" to "Minib" 
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Variable "Calc" 
Name A 
refa 71.9 
refb 61.4 
refc 52.6 
calca 
calcb 
invtya 49.1 
invtyb 49.1 
laya 42.1 
layb 56.1 
asmya 52.6 
asmyb 14.0 
asmyc 14.0 
asmyd 15.8 
asmye 21.1 
asmyf 15.8 
costa              #. 84.2 
costb 15.8 
mixa 14.0 
mixb 3.5 
mixc 14.0 
mixd 29.8 
multa 8.8 
multb 1.8 
multc 15.8 
raultd 33.3 
tva 61.4 
tvb 24.6 
tmnla 52.6 
tmnlb 15.8 
mlnla 68.4 
minib 8.8 
TABLE B-6.  "Calca" by "Refa" to "Minib" 
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Variable 
Name 
"Invty" 
A- 
refa 
refb 
refc 
56.1 
38.3 
60.0 
calca 
calcb 
invtya 
invtyb 
laya 
layb 
68.3 
29.8 
51.2 
4-8.8 
asmya 
asmyb 
asmyc 
asmyd 
asmye 
asmyf 
costa 
costb 
53-7 
26.8 
19.5 
19.5 
-32.7 
17.1 
82.9 
M-6 
mixa 
mixb 
mixc 
mixd 
19-5 
2. U 
22.0 
2A-A 
mult a 
multb 
multc 
multd 
12.2 
2.4- 
19.5 
24-.4- 
tva 
tvb 
tmnla 
tmnlb 
minia 
minib 
73.2 
14-.6 
61.0 
17.1 
63-4- 
7.3 
TABLE B-7.  "Invtya" by "Refa" to "Minib" 
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Variable "Lay" 
Name A 
refa 63.6 
refb 61.4- 
refc 56.8 
calca 54-• 5 
calcb 4.3.2 
invtya 47.7 
invtyb 47.7 
laya 
layb 
asmya 65.9 
asmyb 25•0 
asmyc 22.7 
asmyd 29-5 
asmye 36.4 
asmyf             . 29.5 
costa 93.2 
costb 4.5 
mixa 18.2 
mixb 2.3 
mixc 13.6 
mixd 22.7 
multa 6.8 
multb 2.3 
multc 20.5 
multd 15.9 
tva 65.9 
tvb 15.9 
tmnla 47.7 
tmnlb 22.7 
minia 50.0 
minib 22.7 
TABLE B-8.  "Laya" by "Refa" to "Minib" 
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A B 
"Asmy 
C 
it 
D E F 
59.3 
63.0 
57. 4 
66.7 
77.8 
66.7 
60.0 
80.0 
60.0 
50.0 
60.0 
70.0 
65.0 
72.0 
68.0 
64.7 
70.6 
64.-7 
55.6 
4-0.7 
44-4 
50.0 
4-0.0 
55.0 
4-5.0 
50.0 
4-8.0 
4-6.0 
52.9 
4-7.1 
4-0.7 
57.4- 
61.1 
38.9 
4.0.0 
60.0 
55.0 
4-5.0 
52.0 
4-8.0 
42.2 
52.9 
52.7 
4-6.3 
61.1 
38.9 
50,0 
4-9.0 
64-.0 
35.0 
64-.0 
35.0 
76.5 
23.5 
Variable 
Name 
refa 
refb 
refc 
calca 
calcb 
invtya 
invtyb 
laya 
layb 
asmya 
asmyb 
asmyc 
asmyd 
asmye 
asmyf 
costa 
costb 
mixa 
mixb 
mixc 
mixd 
mult a 
multb 
multc 
multd 
tva 
tvb 
tmnla 
tmnlb 
minia 
minib 
TABLE B-9.  "Asmy(a-f)"by "Refa" to "Minib" '-'-) 
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90.7 
7.4- 
$3.3 
11.1 
90.0 
5.0 
90.0 
5.0 
92.0 
4--0 
88.2 
5,9 
9-3 
1.9 
16.7 
24-.1 
16.7 
0.0 
16.7 
11.1 
20.0 
5.0 
15.0 
20.0 
20.0 
0.0 
20.0 
10.0 
20.0 
0.0 
16.0 
4.0 
11.8 
29-4 
11.8 
47.1 
7.4 
1.9 
U-5 
25.9 
16.7 
5.6 
. 22.2 
16.7 
15.0 
5.0 
30.0 
15.0 
10.0 
5.0 
35.0 
5.0 
12.0 
4-0 
24 .t> 
12.0 
11.8 
0.0 
29.4 
5-9 
50.0 
27.8 
55.6 
22.2 
55.0 
25.0 
65.0 
10.0 
60.0 
20.0 
58.8 
17.6 
U-4- 
24-1 
55.6 
27.8 
60.0 
20.0 
4-0.0 
25-0 
60.0 
16.0 
47.1 
17.6 
50.0 
20.4- 
55.6 
16.4. 
55.0 
15.7 
45.0 
15-0 
60.0 
16.0 
58.6 
11.8 
Variable "Cost" 
Name A 
refa 57.8 
refb 54-8 
refc 25.0 
calca 53«3 
calcb 19.6 
invtya 37.8 
invtyb 13.0 
laya 45.6 
layb ^ 4-3 
asmya 54.4 
asmyb 16.7 
asmyc 20.0 
asmyd 20.0 
asmye 25.6 
asmyf 16.7 
costa 
costb 
mixa 12.2 
mixb 14.4 
mixc 12.2 
mixd 27.8 
multa 6.7 
multb 2.2 
nrnltc 14.4 
multd 25.6 
tva 55.6 
tvb 26.7 
tmnla ^/ 45.6 
tmnlb "  23.3 ' 
minia 17.6 
minib 17.8 
TABLE B-10.  "Costa" by "Refa" to "Minib" 
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Variable 
Name A 
"Mix" 
B C 
re fa 
refb 
refc 
72.7 
54-5 
45.5 
75.0 
50.0 
25.0 
75.0 
58.3 
66.7 
calca 
calcb 
72.7 
18.2 
50.0 
25.0 
66.7 
33.3 
invtya 
invtyb 
71.7 
27.3 
25.0 
75.0 
75.0 
25.0 
laya 
layb 
72.7 
27.3 
25.5 
75.0 
50.0 
50.0 
asmya 
asmyb 
asmyc 
asmyd 
asmye 
asmyf 
45.5 
27.3 
36.4 
36.4 
45.5 
18.2 
25.0 
0.0 
25.0 
0.0 
0.0 
0.0 
75.0 
25.0 
25.0 
33.3 
33-3 
42.7 
costa 
costb 
100 
0.0 
100 
p.o 
91.7 
8.3 
mixa 
mixb 
mixc 
mixd 
multa 
multb 
multc 
multd 
27.3 
9.1 
18.2 
0.0 
25.0 
0.0 
0.0 
50.0 
0.0 
0.0 
41-7 
25.0 
tva 
tvb 
81.8 
18.2 
75.0 
25.0 
83.3 
16.7 
tmnla 
tmnlb 
72.7 
18.2 
100 
0.0 
91.7 
0.0 
'minia 
minib 
54-5 
27.3- 
75.0 
0.0 
91.7 
0.0 
TABLE B-ll. "Mix(a-c)" by "Refa" to " 'Minib" 
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Variable 
Name A 
"Mult" 
B C 
re fa 
refb 
refc 
87.5 
50.0 
62.5 
50.0 
50.0 
0.0 
61.1 
61.1 
53.8 
calca 
calcb 
62.5 
37.5 
50.0 
50.0 
69.2 
30.8 
invtya 
invtyb 
62.5 
37.5 
50.0 
50.0 
61.5 
38.5 
laya 
layb 
70.0 
30.0 
25.5 
75.0 
50.0 
50.0 
asmya 
asmyb 
asmyc 
asmyd 
asmye 
asmyf 
50.0 
37.5 
.  37.5 
25.0 
37.5 
25.0 
50.0 
50.0 
50.0 
50.0 
50.0 
0.0 
61.5 
30.8 
46.2 
53.8 
4-6.2 
38.5 
costa 
costb 
75.0 
25.0 
100 
0.0 
100 
0.0 
mixa 
mixb 
mixc 
mixd 
37.5 
12.5 
0.0 
25.0 
50.0 
0.0 
0.0 
0.0 
15. 4- 
0.0 
38.5 
15. 4- 
multa 
multb 
multc 
multd 
tva 
tvb 
62.5 
37.5 
100 
0.0 
61.5 
38.5 
tmnla 
tmnlb 
62.5 
37.5 
50.0 
0.0 
46.2 
30.8 
minia 
minib 
75.0 
25.0 
100 
0.0 
53.8 
23.1 
TABLE B-12. "Mult(a-c)" by "Refa" to "Minib" 
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Variable "Tv" 
Name A 
refa 56.3 
refb 53.1 
refc 50.0 
calca 4-3.8 
clacb 63.8 
invtya 4-6.9 
invtyb 13.0 
laya U5.3 
layb 15.2 
asmya 4-2.2 
asmyb 15.6 
asmyc 17.2 
asmyd 20.3 
asmye 23.7 
asmyf 15.6 
costa 71.1 
costb 52.2 
mlxa 14.1 
mixb 4-.7 
mixc 15.6 
mixd 35.4 
multa 7.8 
multb 3•1 
multc 12.5 
multd 36.4- 
tva 
tvb 
tmnla 59.4 
tmnlb 15 • 6 
mlnia 62.5 
minib 26.6 
TABLE B-13.  "Tva" by "Refa" to "Minib" 
H3 
Variable "Tmnl" 
Name A 
refa 64.. 6 
refb 64.. 4 
refc 54.2 
calca 62.4. 
calcb 35.4- 
invtya 52.1 
invtyb 45.8 
laya 49.1 
layb 48.0 
asmya 50.0 
asmyb 20.8 
asmyc 16.7 
asmyd 31.3 
asmye 31.3 
asmyf 16.7 
costa 84.. 4. 
costb 14\6 
mixa 16.7 
mixb 8.3 
mixc 22.9 
mixd 22.9 
nmlta 10.4 
multb    „ 2.1 
multc 12.5 
multd 31.3^ 
tva 79.3 
tvb 16.7 
tmnla 
tmnlb 
minia 81.3 
minib 6.3 
TABLE B-14.  "Tmnla" by "Eefa" to "Minib" 
H4- 
Variable "Mini" 
Name A 
refa 6I.4. 
refb 6I.4. 
refc 56.I 
calca 68.4. 
calcb 31.6. 
invtya 4.5.6 
invtyb 50.9 
laya 38.6 
layb 59.6 
asmya 4.7.6 
asmyb 17.6 
asmyc I9.3 
asmyd 26.3 
asmye 17.5 
asmyf 4.0.4. 
costa 84..2 
costb I5.8 
mixa 10.5 
mixb 5.3 
mixc 19.3 
mixd 29.8 
multa 10.5 
mullTb 3.5 
multc 12.3 
multd 33.3 
tva 70.2 
tvb 26.3 
tmnla 68.4. 
tmnlb 12.3 
minia 
minib 
TABLE B-15.  "Minia" by "Refa" to "Tmnlb" 
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